Introduction/Project description: Several studies have revealed insufficient physical examination skills among medical students, both with of the university course in internal medicine examinations. Based on their personal preferences, students were assigned to either the intervention (surgery/internal medicine; n=24) or the control group (internal medicine; n=25). All students completed a self-assessment of their physical examination skills in the form of a questionnaire. However, practical examination skills were only assessed in the students in the intervention group. These students were asked to carry out a general physical examination of the simulation patient, which was recorded and evaluated in a standardized manner. In both instances, data collection was carried out prior to and after the intervention. Results: The scores arising from the student self-assessment in the intervention (IG) and control groups (CG) improves significantly in the prepost comparison, with average scores increasing from 3.83 (±0.72; IG) and 3.54 (±0.37; CG) to 1.92 (±0.65; IG) and 3.23 (±0.73; CG). The general physical examination, which was only assessed among the students in the intervention group, was performed more completely after the instructional intervention than prior to it. Discussion: On the basis of the data collected, it can be deduced that the FAMULATUR PLUS course has a positive effect on the self-assessment of medical students with regard to their physical examination skills. The validity of this conclusion is limited by the small sample size. In addition, it remains unclear whether a more positive self-assessment correlates with an objective improvement in physical examination skills.
Introduction
The assessment of a patient's medical history and the physical examination of a patient are essential medical skills, as evidenced by the fact that more than three-thirds of all diagnoses can be made on the basis of medical history and physical examination alone [31] , [35] . The inadequacy of the physical examination training given to young physicians is at odds with its importance. This concerns both the completeness of the examination and the accuracy of the physical examination techniques used. Haring and colleagues have shown that medical students only use about 60 percent of the techniques expected when performing a general physical examination [17] . The same is true of physicians [37] . What is alarming about this is that essential examinations are often not performed at all (e.g., blood pressure measurement). Furthermore, medical professionals also exhibit a lack of skills when it comes to the examination techniques they use. This is well-documented with regard to auscultation of the heart. For example, only 37 percent of the physicians investigated detected a mitral stenosis [39] . Other studies have yielded similar results [8] , [12] , [13] , [26] , [41] . Although the publications cited originated abroad, similar results are to be expected among German medical students [25] . But what are the reasons for this lack of physical examination skills? Certainly, they are multifaceted and include organizational reasons such as shortened patient hospital stays or time and cost pressure in hospitals [7] , [14] , [16] , [27] , [36] . Physicians' faith in technology and a lack of supervision of medical students during physical examinations also favor undesirable developments [4] , [43] .
Project presentation
The FAMULATUR PLUS project was initiated in order to counteract the developments described above with regard to physical examinations on a small scale. The core objective of this project is to supplement a clinical traineeship (FAMULATUR) with lectures/seminars (PLUS). Thus, both clinical examination courses and problem-oriented learning (POL) seminars are offered as part of the FAMU-LATUR PLUS course. The distinguishing feature of this concept is the complete integration of all lectures/seminars into a 30-day clinical traineeship in the surgical or internal medicine department of a hospital. The close interlinking of teaching and inpatient care during the clinical traineeship serves to facilitate the transfer of knowledge from theory to practice. Each week of the clinical traineeship is clearly structured in advance and focuses on a particular part of the body (e.g., the abdomen). The week begins with a physical examination course under the direction of a physician. The objective of this course is to impart essential examination techniques based on the National Competence-Based Catalog of Learning Objectives (NKLM). The lecturers first demonstrate the examination technique to be learned before the students implement it in practice. The lecturer then provides the students with critical feedback and suggestions for improvement. In order to consolidate the knowledge conveyed in the examination courses, students are encouraged to perform independent examinations on patients over the course of the week. These examinations must also be documented in the respective patient's medical history and examination forms and signed off on by the ward physician. This allows knowledge deficits to be identified and corrected. The POL takes place at the end of each week of the clinical traineeship. Based on a clinical case study (e.g., a patient with acute abdominal pain), lists of possible differential diagnoses are compiled by the medical students. Subsequently, they arrive at a preliminary diagnosis by establishing a fictitious medical history and performing a physical examination. The POL serves to emphasize the need for establishing a thorough medical history and performing a physical examination during the diagnostic process. For a more detailed description of the FAMULATUR PLUS course, please refer to our previous publication [22] .
Research question
The focus of this study is to determine whether the FAM-ULATUR PLUS course leads to more optimistic self-assessment by participating students with regard to their physical examination skills. We also want to test the hypothesis that participation in the instructional intervention results in improved physical examination performance.
Methodology

Sample
During the study period from August 2014 to September 2015, 49 medical students were recruited through the University of Ulm's medical students' association and the project website. All study participants were enrolled in the clinical studies course at the University of Ulm and had successfully completed the university course in internal medicine examinations. Students were assigned to the intervention (n=24) and control groups (n=25) based on their personal preferences. The subjects in the control group participated in a 30-day clinical traineeship in an internal medicine department of a German hospital of their choosing, but did not participate in the instructional intervention.
Data collection 4.2.1. Self-assessment questionnaire
A questionnaire based on the work of Haring et al. was developed to evaluate the self-assessment of each participant [18] . This questionnaire was pretested on ten medical students and then finalized. The questionnaire consisted of three sections with a total of 58 items which had to be addressed by the students in both groups before and again after the intervention. While the first part of the questionnaire focused on general and demographic information, the second was used to evaluate individual examination techniques (inspection, palpation, percussion, and auscultation). Based on the organs and structures examined, the survey of the examination techniques was organized into the following categories: General and Vital Parameters, Head and Neck, Thorax, Heart, Circulation and Pulse, Abdomen and Groin, Extremities, and Neurology. The self-assessment was based on a six-point Likert scale in line with the German grading system, ranging from 'very good' (1) to 'fail' (6) . See the illustration in Figure 1 for further details. In the final section of the questionnaire, students were asked to make a global assessment of their physical examination skills. Here, too, the evaluation was based on the German grading system. The students in the intervention and control groups were asked to complete the questionnaire one day prior to and one day after completing the clinical traineeship. Only fully completed forms were included in the evaluation, which meant that all student questionnaires from the intervention group but only thirteen questionnaires from the control group could be included.
General physical examination
In contrast to the questionnaire described above, data on the general physical examination were only collected from the students in the intervention group. These students were given 15 minutes to perform a physical examination of the simulation patient. In each case, the examination was recorded using a video camera and evaluated by a physician who was not involved in the project. The evaluation criteria in this regard included the completeness of the examination as well as the correct implementation of the examination techniques. The test was documented in anonymized format by means of an evaluation sheet, which comprised the following categories: "examination not performed," "examination performed correctly," and "examination performed incorrectly." Since the latter category was not used, it was not taken into account during the evaluation of the test. A point was assigned for each correctly performed examination and expressed as a score out of the maximum number of points, i.e. if all required examinations are performed correctly (see 5.2). The horizon of expectation was based on the works of Haring and colleagues [17] , [18] . The items surveyed corresponded to those evaluated in the second section of the self-assessment questionnaire (see 4.2.1). Test design and evaluation were based on the literature [5] , [11] , [44] .
Statistical methods
The statistical evaluation of the collected data was carried out using the IBM SPSS Statistics Version 22 and Microsoft Office Excel 2007 data processing programs. The significance level was set at five percent (p≤0.05). MannWhitney and Wilcoxon tests for independent samples were used for the statistical comparison of the intervention group and control group self-assessments.
Results
Demographic data
A total of 49 medical students were included in the study and assigned to the intervention (n=24) or control group (n=25). The gender distribution, age structure, and academic experience of the students in both groups was homogenous. Participants were predominantly female, between 23 and 25 years old, and enrolled in the sixth semester at the University of Ulm.
Self-assessment questionnaire
The students in the control and intervention groups were required to assess their physical examination skills prior to and after the clinical traineeship or instructional intervention by means of a specially developed questionnaire (see 4.2.1).
The evaluation of the questionnaire shows similar results for the data before and after the intervention. There is no significant difference between the pre-intervention self-assessment of the intervention group students and that of the control group students (see Table 1 ). However, the results are different for both groups with regard to the post-intervention analysis. Students in the intervention group are more optimistic with regard to their examination skills across all categories than prior to completing the FAMULATUR PLUS course, with the average total score improving to 1.92 (± 0.65), for example. The participants of the control group also perceived their skills as better after the clinical traineeship than before. However, the differences between the average scores in the control group are less pronounced in the pre-post comparison than those in the intervention group. In addition, the examination of the heart is assessed more pessimistically in this group after the clinical traineeship than prior to it. The overall post-intervention score of the students in the control group is 3.23 (± 0.73). In conclusion, however, it should be noted that only the post-intervention data on the examination of the heart, abdomen and groin, those pertaining to the examination of the nervous system, and the overall score are significant (p≤0.05). Accordingly, the self-assessment of the students in the intervention group can only be said with absolute certainty to be more positive than that of the students in the control group in these categories. A detailed comparison of the values and their significance can be found in Table 1 . Table 1 : Self-assessment of examination skills using a six-point Likert scale in line with the German grading system (1: very good; 6: fail). The table shows the average score (±standard deviation; *significant or † not significant in the pre-post comparison) of the students in the intervention (IG; n=24) and control groups (CG; n=25; analyzable: 13).
General physical examination
In order to assess their practical physical examination skills, students in the intervention group were asked to perform a full-body examination on a simulation patient. The examinations were recorded and evaluated by an independent physician in a standardized manner. Only those examinations that were performed correctly were included in the evaluation (see 4.2.2).
The pre-post comparison shows that the physical examination is more complete after the instructional intervention than before. The discrepancy between data collected prior to and after the FAMULATUR PLUS course is particularly marked for the examinations of head and neck (+59%), heart (+49%), thorax (+45%), and abdomen (+43%). While, for example, only one of the six required head and neck examinations was performed prior to the instructional intervention, five of them were completed afterwards. The increases in the number of examinations of the circulatory and neurological systems performed (+32% each) as well as those of the vital parameters (+24%) and extremities (+23%, not significant) are less pronounced (see Table 2 ).
Discussion
The declared goal of the FAMULATUR PLUS project is to address the deficits in the physical examination skills of medical students described above. This study investigated whether the developed instructional intervention is an effective means of improving self-assessment and practical physical examination skills. The evaluation of the self-assessment confirms the expectation that the self-assessment of the students in the intervention group improves in the pre-post comparison. The fact that this improved self-assessment is owed to the instructional intervention is highlighted by the comparison with the subjects of the control group, where no comparable effects were observed. Apart from this, it seems plausible for practical training -as offered by the FAMULATUR PLUS course -to result in improved self-assessment. This general assumption is also confirmed in the literature [29] , [30] . There are also a number of other studies that emphasize the positive effects of practical training programs on self-assessment [1] , [14] , [15] , [19] , [28] , [38] , [42] . Moreover, FAMULATUR PLUS participants must regularly perform physical examinations on patients.
The documentation of these examinations in the form of completed medical history and examination forms must be signed off on by the ward physician. This ensures that examination skills are supervised on practiced on a regular basis. Both result in optimized self-assessment [6] , [9] , [20] , [21] , [40] . However, one criticism of this approach is that access to self-assessment may be subject to cognitive limitations [34] , [40] . Furthermore, self-assessment and the quality of the physical examination are not correlated [2] . Therefore, the subjective self-assessment should be supplemented by a more objective parameter, namely the general physical examination. The analysis of the physical examination shows a significantly improved examination performance among students who participated in the instructional intervention. This improvement is reflected both in a more complete and a more technically correct implementation of the examination techniques. This is primarily due to the practice-oriented training (e.g., examination courses) offered. It is known that students who have completed a training use a greater number of examination techniques than those who have not completed a training [3] , [32] , [33] . The same also applies to their performance in practical tests [23] . In addition, the very act of participating in the study is likely to have a positive effect [24] . Notwithstanding this, one shortcoming of the pilot study is the lack of a control group. However, for organizational reasons, it was not possible to get the students in the control group to perform examinations, especially since the response rate for the self-assessment questionnaires failed to meet expectations. Table 2 : General physical examination. Students (n=24) were asked to perform a full-body examination on a simulation patient while being recorded on video. The examination videos were evaluated using a standardized evaluation sheet by a physician who was not involved in the project. The table shows the number of correctly performed examinations in relation to the maximum value (mean±standard deviation; *significant or †not significant in the pre-post comparison).
The overall validity of the study is limited by the small sample size and possible positive selection bias for particularly motivated students with regard to participation in the instructional intervention. In addition, no information was collected on previous experience in the form of further clinical traineeships. However, it cannot be assumed that the clinical traineeship is the only factor responsible for the improvement in examination skills [14] , [33] , [43] . Details about the hospitals in which the students in the control group completed their clinical traineeships were also not evaluated. For example, it is conceivable that a clinical traineeship in a university hospital might include more practical teaching (e.g., bedside teaching) than one completed in a smaller, regional hospital. The pre-post design of the study must also be questioned since it is susceptible to response-shift biases [10] . Last but not least, a more detailed evaluation of the contribution of POL to long-term learning success is also needed.
Conclusion and outlook
The pilot study shows that the FAMULATUR PLUS course is an effective means of improving the self-assessment of medical students with regard to their physical examination skills. However, further studies are needed for more detailed verification. For example, the results of the general physical examination must be checked using control groups.
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